Using a comprehensive database on bank credit, covering 135 developing countries over the period 1960-2011, we identify, document, and compare the macro-economic dynamics of credit booms across low-and middle-income countries. The results suggest that while the duration and magnitude of credit booms is similar across country groups, macro-economic dynamics differ somewhat in low-income countries. We further find that surges in capital inflows are associated with credit booms. Moreover, credit booms associated with banking crises exhibit distinct macroeconomic dynamics, while also reflecting a potentially large deviation of credit from country fundamentals. These results suggest that low-income countries should remain mindful of the inter-linkages between financial liberalization, increased cross-border banking activities, and rapid credit growth. JEL Classification Numbers: E32, E44, E51, G21.
I. INTRODUCTION
Credit to the private sector has been growing rapidly in low-income countries (Figure 1 ). Fast credit growth can be reflective of improved macroeconomic prospects and deepening of relatively shallow credit markets. Indeed, in 2012, most low-income countries had credit-to-GDP levels lower than in middle-income countries. But, rapid credit expansion (or credit booms) can also portend macro-financial risks, emanating from macroeconomic imbalances and banking sector distress. And while, historically, only a minority of booms has ended in debilitating financial and macroeconomic crises, the ensuing balance sheet dislocations can be very costly (Decressin and Terrones, 2011) . A large number of studies have developed methodologies for credit boom identification and assessed potential drivers in advanced and large emerging market economies. The evidence on the anatomy of credit booms in low-and lower-middle income countries, however, is scant. What are the characteristics of credit booms in low-and lower-middle income countries, and how do these differ from the experiences of upper-middle income countries? Is the behavior of macroeconomic aggregates around credit booms comparable to that in uppermiddle countries? Under what conditions do credit booms pose risks to financial and macroeconomic stability? When do credit booms portend beneficial financial deepening?
This paper aims to fill this gap in the literature by: (i) documenting the stylized facts of credit booms in low-and lower-middle income countries in comparison with upper-middle countries; (ii) analyzing the behavior of macroeconomic aggregates around credit boom episodes across different country groups; (iii) extracting lessons from the experiences of middle-income countries by evaluating whether credit booms that ended in banking crises exhibited particular characteristics; and (iv) examining the relationships between credit booms and financial deepening. We use a comprehensive database on bank credit, covering 135 developing countries over the period 1960 credit in the economy (bond markets, non-bank financial intermediaries, informal finance, etc.). But data availability in low-income countries renders a cross-country analysis of these alternative sources difficult, and bank credit constitutes the most important source of private credit in most emerging and developing economies. Our principal findings can be summarized as follows:
The duration and magnitude of credit booms is similar across all country groups. To identify credit booms, we apply the Mendoza-Terrones (2012) methodology by splitting real credit per capita in each country into its cyclical and trend components. Specifically, a credit boom is identified as an episode in which credit exceeds its country-specific, long-run trend by more than a given "boom" threshold. 2 Our analysis suggests that the median duration of credit booms is 6 years for the full sample period, but declines to 5 years for credit booms observed over the last two decades.
Macroeconomic dynamics around credit boom episodes are more similar in lower-and upper-middle income countries than in low-income countries.
Our event study analysis indicates that unlike in middle-income countries, only a subset of macroeconomic variables (e.g., economic activity, investment, non-tradable output, money balances, and external demand) exhibit a defined dynamics around credit booms in low-income countries.
Surges in capital inflows are associated with credit booms.
Frequency analysis of the potential triggers of credit booms indicates that a higher proportion of credit booms in middle-income countries are preceded by an increase in capital inflows as compared to lowincome countries. This suggests that the frequency of credit booms could well increase in low-income countries as they become increasingly integrated with the global economy. Moreover, frequency analysis suggests that a significant proportion of credit booms are associated with fixed or managed exchange rates across all income groups.
Regression analysis suggests that both domestic and external factors play a role in driving credit booms. Panel probit regressions of the drivers of credit boom episodes for the period 1970 to 2011 indicate that the incidence of credit booms is positively associated with capital inflows and favorable international liquidity conditions. Further, sustained growth in economic activity and domestic private credit as well as the initial level of financial depth have a bearing on the incidence of a credit boom.
Credit booms associated with banking crises exhibit distinct characteristics compared with booms that do not end up in a banking crisis.
Splitting credit booms into episodes associated with a banking crisis and non-crisis episodes, an event study analysis suggests that the dynamics of macroeconomic variables exhibit a distinct pattern around the boom episodes associated with banking crises. Moreover, macroeconomic fluctuations in this group are larger and display more abrupt declines than in other booms. In addition, using a benchmarking analysis as in Barajas et al. (2013) , we find that credit growth in the majority of booms associated with banking crises was well above levels consistent with countryspecific structural factors and fundamentals.
The remainder of this paper is organized as follows. Section II provides a brief overview of the related literature. Section III identifies the credit boom events for our sample of countries, uses an event study analysis to examine the business cycle behavior of macroeconomic aggregates around the identified credit boom episodes, conducts a frequency analysis to examine the association of credit boom episodes with some of their potential drivers, and performs regression analysis to assess whether capital inflows help to predict credit booms. Section IV presents an analysis of credit booms associated with banking crises, identifying their particular characteristics and the dynamics of macroeconomic variables around these credit booms. In addition, this section presents a discussion of the association between credit booms and financial deepening in the context of a benchmarking exercise to assess whether financial depth is in line with structural and policy fundamentals.
II. CREDIT BOOMS: LITERATURE REVIEW
During the last decade, a growing literature has analyzed the characteristics of credit booms and their potential consequences for the macroeconomy, financial deepening, and stability. Our paper is related to a number of strands in this literature.
A number of papers have developed different approaches for credit boom identification Terrones, 2008, 2012; Gourinchas, Valdes and Landarretche, 2001; Barajas, Dell'Ariccia and Levchenko, 2009; Tornell and Westermann, 2002) . Most methodologies in the literature compare a country's credit-to-GDP ratio or real credit per capita to its nonlinear trend 3 . But they differ in several aspects such as whether the trend and the thresholds identifying the booms are country-specific, whether information unavailable at the time of the boom is used for its identification, whether the credit and GDP series is filtered separately or directly as a ratio. In this paper, we focus primarily on the Terrones (2008, 2012) approach, by defining a credit boom as a deviation in real GDP per capita from a country-specific trend computed using the HP-filter (see next section for details). In contrast to their paper, we examine the anatomy of credit boom episodes for a broader spectrum of low-and lower-middle income countries and assess the robustness of our results to other methodologies identified in the literature. 4 Our paper is related to the empirical literature that identifies booms in macro variables 3 Some methodologies focus on absolute growth thresholds. 4 Mendoza and Terrones (2012) identify 70 credit boom episodes in a cross-country analysis for 61 advanced and emerging economies spanning the period 1960-2010. using threshold methods and event-study techniques. Gourinchas, Valdes and Landarretche (2001) , using a sample of 91 countries over the period 1960-96, find that credit booms are associated with a domestic investment boom, an increase in domestic interest rates, a worsening of the current account, a real appreciation, declining reserves and output growth. However, Mendoza and Terrones (2012) find that during credit booms, macroeconomic variables (such as production and absorption, asset prices, real exchange rates, capital inflows, and external deficits) display a clear cyclical pattern of economic expansion in the upswing, followed by a steep contraction in the downswing for both advanced and emerging market economies. Our paper provides a comparison of the behavior of macroeconomic aggregates across low-and middle-income countries.
Our paper is also closely related to the literature on the potential drivers of credit boom episodes. Mendoza and Terrones (2008) and Decressin and Terrones (2011) identify surges in capital inflows, total factor productivity gains, and financial reforms as potential drivers of credit booms. Dell'Ariccia et al. (2012) find that, in addition to financial reforms, capital inflow surges associated with capital account liberalizations, and periods of strong economic growth are empirically associated with credit booms. 5 In addition, domestic factors matter: credit booms occur in countries with fixed exchange rate regimes, expansionary monetary and fiscal policies and low quality of banking supervision. Calderόn and Kubota (2012), using a sample of 70 advanced and emerging market countries, find that surges in gross capital inflows (particularly other investment inflows) are strong empirical predictors of credit booms. We extend the analysis in these papers to cover a broader set of countries.
Our paper is also related to studies which find that credit growth can be a powerful predictor of financial crises (Borio and Lowe, 2002; Mendoza and Terrones, 2008; Schularick and Taylor, 2009; Mitra et al., 2011) . 6 Dell' Ariccia et al. (2012) find that booms associated with banking crises (or inferior below-trend growth) tend to be larger and last longer and that, booms that start at a higher level of financial depth are more likely to end badly. Other studies find that larger and more prolonged booms, those coinciding with higher inflation and, to a lesser extent, low economic growth are more likely to end in crises. In this paper we use event study and frequency analysis to examine the behavior of macroeconomic fluctuations in crisis versus non-crisis episodes in low-and middle-income countries.
Finally, our paper is related to a diverse literature exploring macroeconomic and institutional determinants of sound and efficient financial deepening (see, for example, Djankov et al., 2007, and Demirguc-Kunt. 2006 for a literature survey). Barajas et al.(2013) show that an overshooting of private credit to GDP ratio significantly beyond levels predicted by structural fundamentals is associated with credit booms and busts. In particular, they find that the probability of a crisis surpasses 10 percent for negative gaps (difference between predicted and actual values) of over 50 percent. In addition, when these large negative levels are the result of very rapid deepening above and beyond the changes in structural characteristics-(say, by 30 percent or more over a ten year period) -the likelihood of instability increases even further.
III. CREDIT BOOM EPISODES, EVENT STUDY, AND EMPIRICAL ASSESSMENT
This section describes the definition and sources of the data used in our event study and frequency analysis and empirical assessment. We conduct a frequency analysis to examine the association of credit boom episodes with some of their potential drivers. We also outline the econometric techniques employed to estimate the relationship between the likelihood of credit booms and surges in capital inflows.
A. Identification of Credit Boom Episodes: Stylized Facts

Methodology and Data
We follow the criteria outlined in Mendoza and Terrones (2012) to identify credit booms. They define an episode as a credit boom when the amount of credit extended by the banking system to the private sector grows by more than that experienced during a typical cyclical expansion. Specifically, a country experiences a credit boom when the deviation in (log) real credit per capita from its long-run trend exceeds the standard deviation of the cyclical component by a factor of 1.65. 7 We follow the authors in computing the long-run trend of real credit per capita using the Hodrick-Prescott (HP) filter. This approach allows us to both identify the main characteristics of credit booms episodes (e.g. duration and peak period of the episode) and to perform an event-study analysis around the peak of the credit boom episode.
We use data on credit from the financial sector to the private sector obtained from the IMF's International Financial Statistics (IFS) for a sample of 135 developing countries for the period 1960-2011 (see Appendix 1 for the list of countries). 8 The measure of credit is the sum of claims on the private sector by deposit money banks (line 22d) plus -whenever available for the entire sample period for a given country-claims on the private sector by 7 1.65 falls in the 5 percent tail of the standardized normal distribution. We also checked the sensitivity of our results to a more stringent factor of 2 (available upon request), but the qualitative results remained largely unchanged.
other financial institutions (line 42d). The latter was only available for 15 countries in our sample. Discontinuities in the time series data of credit to the private sector were addressed by applying splicing techniques and gathering data from IMF staff reports. Real credit per capita is calculated as the end-of-year observations of nominal credit per capita deflated by the corresponding end-of-year consumer price index. See Appendix 2 for the complete list of variables and sources used in the paper, and Appendix 3 for the identified boom episodes.
To account for structural breaks, related to the introduction of economic and financial reforms in the late eighties and early nineties, and to mitigate countries' changes in income categories across time, we also consider a shorter sample period starting in 1994.
Key features of Credit Boom Episodes
Tables 1-3 enumerate the incidence, magnitude, and duration of credit boom episodes using the criteria outlined above for different groups of countries and time periods.
 Incidence. In total, we identify 111 credit boom episodes (see Table 1 ) for the full sample. Of these, 21 percent occur in low-income countries, as opposed to 38 and 29 percent in lower-middle-and upper-middle-income countries, respectively. The frequency of boom episodes has increased over time, with about 60 percent occurring in the past 20 years.
 Magnitude. At the peak of the boom, the average expansion in real credit per capita reaches around 30 percent above trend across income groups (see Table 2 ). It is highest in the group of low-income countries. But after normalizing by the variability of credit (the standard deviation of the cyclical component of credit in each country), consistent with Mendoza and Terrones (2012) , the three income groups show a similar distribution (medians of around 2).
 Duration. Across all income groups, we find that the median and mean duration of booms is roughly 6 years (see Table 3 ). However, boom episodes since 1994 have tended to last one year less (4-5 years).
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Across income groups, a significant proportion of credit boom episodes are associated with sustained growth rates of real credit per capita during the build-up phase of the boom (see Table 4 ). In the preceding 3 (5) years, between 50 to70 (30 to 40) percent of credit boom episodes exhibited a growth rate of real credit per capita of at least 5 percent. The proportions are higher for low-income and upper-middle-income countries relative to lower-middleincome countries. Similar results obtain when the shorter time period of 1994-2011 is considered. We also find that around 80 percent of credit booms episodes identified for middle income countries coincide in the two samples. However, this proportion is lower in the case of low-income countries (around 60 percent), with many new booms indentified after the global financial crisis. This suggests that the (long-run) trend of credit growth could have changed in recent years for low-income countries.
To check the robustness of our results, we also implemented the Mendoza and Terrones methodology using the credit-to-GDP ratio instead of real credit per capita. This allows us to relate credit developments to the size of the economy and account for the procyclicality of credit. Given the positive relationship between financial development and GDP growth, bank lending could, however, follow a positive trend, even when measured relative to GDP. Therefore, as noted by Barajas et al. (2009) , credit booms need to be isolated as definite events separate from normal increments in the volume of credit. The correlation between the credit booms identified with real credit per capita and credit-to-GDP is around 50 percent (see Table 5 ). Appendix 4 presents the results with respect to incidence and duration. 
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B. Behavior of Macroeconomic Variables around Credit Booms
The event study analysis undertaken in this section examines the cyclical behavior of macroeconomic variables around the peak of credit boom episodes. In particular, seven-year event windows of the cyclical components of macro aggregates centered on the peak of credit booms (t=0) are constructed for the three income groups. The event windows show the crosscountry means and medians of the cyclical components of output, investment, private and public consumption, non-tradable output, real exchange rate, broad money, external demand, the current account to GDP ratio and capital inflows to GDP ratio.
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10 Appendix 4 also presents the results using Tornell and Westermann methodology for credit boom identification.
11 All variables are in measured in constant prices, per-capita terms and de-trended using the HP filter, except for current account and capital inflows to GDP ratios (which are in current prices and not de-trended), and the real exchange rate. See Appendix 2 for details on variable definitions and sources. Given data constraints, we are unable to examine the cyclical properties of stock market and real estate prices for a large number of countries. Figure 2 shows the dynamic behavior of the cyclical components of key macroeconomic variables around the peak of credit boom episodes by income groups for the full sample. For lower-middle and upper-middle income countries, the dynamics of most variables exhibit a well-defined pattern around the peak of credit boom episodes: an increase during the expansionary phase and a decrease during the unwinding phase. While cyclical components of domestic demand variables show a well-defined pattern around credit booms, investment shows a larger expansion and subsequent contraction as compared to private and government consumption.
The results based on medians indicate that the current account ratio deteriorates during the build-up phase and improves as the boom unwinds. The real exchange rate appreciates by around 4 percent above-trend in the build-up phase and then drops to around 3 percent. Capital inflows, measured by the ratio of gross other investments to GDP, 12 show a median above-trend increase of around one percentage point of GDP by t= -1 (i.e., one period before the peak of the boom).
13 Money balances (M2) exhibit an expansion in the build-up phase of up to 10 percentage points above trend, followed by a decline.
External demand, measured by the weighted average of GDP growth of country's trading partners, also exhibits a well-defined pattern around credit booms, reflecting the potential effects of external shocks on the domestic economy. Non-tradable output shows an expansion during the build-up phase (up to 5 percentage points above trend) and then a decline. The latter could reflect the fact that in an upturn, financing constraints ease for the non-tradable sector, possibly due to higher collateral values as discussed in financial accelerator models. Finally, while the amplitude of the cyclical fluctuations appears to be larger in upper-middle income compared to that observed in lower-middle countries, a normalization using the standard deviations of cyclical components to account for business cycle volatility indicates that the size of the amplitude is similar across income groups. The association between credit boom episodes and inflation rates and the terms-of-trade are, however, less clear cut (not reported here, but available upon request).
How similar or different are these dynamics for low-income countries? For the group of lowincome countries, the cyclical behavior of some macroeconomic aggregates exhibits a similar dynamics as to the one observed in middle-income countries. For instance, output shows a defined dynamics around the peak of the boom. However, among the domestic demand components, only investment exhibits an increase during the expansionary phase (of around 8 percentage point above trend), followed by a contraction during the unwinding phase. Furthermore, government expenditure is procyclical in the case of middle-income countries but there no discernible pattern can be gleaned in the case of low-income countries. No clear dynamics are evident in the case of consumption, possibly due to measurement issues.
The current account ratio exhibits a deterioration, mainly at the peak of the boom (time t), and after one year (i.e., at t=1). During the build-up phase, unlike in middle-income countries, the cyclical component is close to zero. Non-tradable output also shows an expansion during the build-up phase, but, unlike in middle-income countries, the maximum deviation from trend occurs one period before the peak of the boom (t=-1). External demand still shows an above-trend expansion during the build-up phase, but declines before the peak of the boom. The capital inflows ratio does not show any dynamics around the boom episode, related, in part, to the high degree of heterogeneity within low-income countries in terms of their extent of financial integration, depth of the financial sector, and ease of access to credit.
14 However, monetary expansions, related to monetary policy easing, relaxation of lending standards, or external demand shocks, fuel significant credit expansions in lowincome countries with a subsequent impact on investment and output. 15, 16 We also considered the dynamics of the macroeconomic variables based on the credit booms episodes identified since 1994. Most of the qualitative results are similar to the ones described for the full sample. However, there are a number of differences, as indicated in Figure 3 : (i) the cyclical component of the real exchange rate only exhibits a clear dynamics in lower and upper-middle countries when looking at mean values of the cyclical component, (ii) real GDP does not show a clear dynamics for low-income countries, but private consumption and investment do, and (iii) cyclical components show larger deviations around the peak for private consumption and the current account to GDP ratio.
C. Potential Drivers of Credit Booms
In this sub-section, we use frequency analysis to examine the association between credit boom episodes and pertinent variables that have been identified in the literature as triggers of credit booms. These include the role of: (i) surges in capital inflows, (ii) financial sector reform, and (iii) exchange rate regimes.
We first examine the relationship between credit boom episodes and surges in capital inflows. A rapid rise in capital inflows could lead to an increase in loanable funds, potentially weakening lending standards. We identify a capital inflows surge as of date t when the preceding three-year average of the ratio of gross investments to GDP is above the median value for each income group. Table 6 shows the percentage of credit booms preceded by large capital inflows by income group. Between 30 and 44 percent of credit booms episodes were preceded by an increase in capital inflows. 17 This proportion increases by income group, suggesting that increased capital inflows are an important driver of credit boom episodes in middle-income countries, but to a lesser extent in low-income countries.
18 Table 7 shows the results of the frequency analysis for the association between credit boom episodes and exchange rate regimes (in place for the preceding three years). Five exchange regime groupings were created using Ilzetzki, Reinhart and Rogoff's (2011) classification: (i) fixed and managed; (ii) dirty floating; (iii) floating; (iv) mixed; and (v) rest. 19 In line with empirical evidence for emerging market and advanced economies, credit boom episodes are most often observed under less flexible exchange rate regimes Terrones, 2008 and Dell'Ariccia et al., 2012) . We find that the proportion of credit booms under fixed or managed exchange rate regimes is 62 percent and 73 percent for lower-middle and uppermiddle countries, respectively. In the case of low-income countries this proportion is lower (46 percent). 20 This result could be associated with the fact that, relative to low-income countries, middle-income countries are more exposed to surges in capital inflows. Indeed, Magud et al. (2011) document evidence suggesting that countries with less flexible exchange rates often experience significant credit expansions during surges in capital inflows, rendering them more vulnerable to capital flow reversals.
Finally, we examine whether financial liberalization serves as a trigger for credit booms. Financial deepening and liberalization can lead to an increase in credit aggregates, which if not accompanied by improvements in the financial supervisory and regulatory frameworks, could fuel financial instability. Financial liberalization is measured using the Abiad et al. (2008) index of financial reforms. 21 We use a modified version of this index that excludes the banking supervision indicator. This is because while the rest of the components of the index measure the degree of financial liberalization, stronger banking supervision could serve to control unhealthy credit expansion. A country in each income group is identified as having an increase in its degree of financial liberalization as of time t when the preceding three-year change of the modified index (change between t-1 and t-3) is above the median of its respective income group.
Our results indicate that around 22 percent of credit booms that occurred at date t in lowincome countries are preceded by above-median increases in the financial liberalization index, as compared to 24 and 38 percent in the case of lower-and upper middle-income countries. 22 ,23 . In particular, credit boom episodes prior to1990 are largely associated with low quality of banking supervision (the lowest value of the index). The same pattern is observed when looking at credit booms since 1990. This suggests that financial liberalization and financial reforms may not necessarily go hand in hand with a prudent framework of banking regulation and supervision. 1/ Index ranges between 0 (not regulated) and 3 (highly regulated), Abiad et al (2008) 21 The index includes indicators of directed credit, credit ceilings, interest rate controls, banking supervision, entry barriers, privatization, capital mobility, and security markets, with higher index values denoting a more liberalized financial system. 22 Care is needed in interpreting these results given that the index only has data for about 47 percent of our sample of countries (the index is available for 91 countries and covers the period from 1973 to 2005).
23 This sub-index takes into account whether a country adopted risk-based capital adequacy ratios based on the Basle I capital accord, whether the banking supervisory agency is independent from the executive's influence and whether it has sufficient legal power, whether certain financial institutions are exempted from supervisory oversight and whether the on-site and off-site examinations of banks are effective or not (Abiad et al., 2008) . The index ranges from 0 (not regulated) to 3 (highly regulated).
D. Empirical Analysis of the Incidence of Credit Boom
Foreign flows (mostly cross-border bank flows and, to some extent, portfolio inflows) into low-income countries economies have surged in the post-crisis period. Although these increased foreign capital inflows may supplement domestic financing of investment, they also pose challenges. In particular, they could result in rapid credit expansion, overwhelming relatively shallow financial markets. In this section, we use regression analysis to bolster our findings from the event study and frequency analysis that capital inflows can predict the incidence of credit booms. Similar to Calderón and Kubota (2012) , we estimate panel Probit models for our sample of countries for the period 1970 to 2011. The dependent variable is a dummy variable that takes the value of 1 if a credit boom episode is observed, from start to end, and 0 otherwise.
As in the previous sections, we use the ratio of gross investments (excluding FDI) and gross other investments (excluding portfolio flows and FDI) as the two relevant measures of capital inflows. 24 Control variables comprise credit growth, real GDP growth, inflation rates, the flexibility of the exchange rate regime, and the depth of the domestic financial system. 25 We also include variables that control for external shocks, such as growth in main trading partners (external demand), the terms-of-trade, and the U.S. federal funds rate to proxy for international liquidity conditions. 26 Finally, we include a measure of trade openness to capture structural characteristics of the economy (see Appendix 2 for variable details). All explanatory variables are lagged. Table 9 reports the results for the baseline regression with gross other investment flows (columns 1-3) and gross capital flows, excluding FDI, (columns 3-6) as relevant measures of capital inflows. We find that sustained growth in economic activity and private credit tend to be associated with a higher probability of credit boom episodes. Consistent with Dell'Ariccia et al. (2012), we find that financial system depth is also associated with a higher probability of credit booms. Regarding external shocks, the incidence of credit booms is positively associated with below-trend deviations of the U.S. federal funds rate (lagged). Although the sign of the estimated coefficients is as expected, we do not find robust evidence of an effect of inflation and growth in external demand or in the country-specific terms-of-trade on the incidence of credit booms.
Importantly, our Probit analysis confirms that countries with larger capital inflows are more likely to experience credit booms. Specifically, we find that the second year lag of this ratio has a positive and significant effect on the incidence of credit booms. To provide an economic interpretation of the above results, we use the marginal effects from the estimation in column (1) of Table 9 to assess the contribution of explanatory variables to the probability of a credit boom. Table 10 presents the marginal effects and Figure 4 presents the percentage increase in the probability of experiencing a credit boom when the explanatory variables increase in value compared to its sample median. For example, if the ratio of gross investments increases to around 20 percent of GDP, from its median value in the sample of around 2 percent, the probability of a credit boom increases by about 40 percent. Our Probit analysis confirms countries with larger capital inflows are more likely to experience credit booms. This result is robust to variation in the choice of sample countries, the criteria to define credit booms and alternative explanatory variables (not reported here, but available upon request). Appendix 6 presents the results for the specifications included in Table 9 using the ratio of net other investments to GDP. As before, the ratio of net other investments is positively associated with the incidence of credit boom episodes. The results for the remainder of the explanatory variables are similar to the ones presented in Table 9 .
Table910. Marginal Effects Evaluated at Medians
Finally, financial reforms have been identified in the literature as a potential driver of credit boom episodes. As discussed in Decressin and Terrones (2011) , periods of financial liberalization tend to spur credit growth. Using the comprehensive index of financial reforms developed by Abiad, Detragiache and Tressel (2008), we test the impact of financial reforms on the incidence of credit booms. In addition, we separately examine the potential impact of banking supervision and prudential regulations on the probability of credit booms. Appendix 7 presents the regression results including these reform indexes. While the sign of the coefficients point in the right direction (financial reforms increase the probability of credit booms and better banking supervision and prudential regulations decrease the probability of credit booms), they are not statistically significant. An important caveat is that the indeces have limited coverage for our sample of countries (covering only 60 countries in our sample, and reducing our country-year observations by half).
IV. CREDIT BOOMS, BANKING CRISIS, AND FINANCIAL DEEPENING
A. Credit Boom Episodes and Banking Crises
The literature on credit booms suggests that while most banking crisis has been preceded by a credit boom episode, not all credit boom episodes were followed by, or ended in a banking crisis. Using the banking crisis data reported in Laeven and Valencia (2012) , we find that 23 out of the 111 credit boom episodes in our sample were associated with a banking crisis.
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Most of these episodes occurred in upper-middle income countries (50 percent) and lowermiddle income countries (25 percent). Around 10 percent of these episodes occurred in lowincome countries.
28 27 A credit boom episode is associated with a banking crisis if the start of the banking crisis, as dated by Laeven and Valencia, occurs between the peak year of the credit boom until two years after the end of the credit booms. The authors define a banking crisis as systemic if two conditions are met: (i) significant signs of financial distress in the banking system (as indicated by significant bank runs, losses in the banking system, and/or bank liquidations) and (ii) significant banking policy intervention measures in response to significant losses in the banking system (extensive liquidity support, bank restructuring gross costs, significant bank nationalizations, significant guarantees put in place, deposit freezes and/or bank holidays).
28 The Laeven and Valencia database documents 28 banking crisis for the group of low-income countries between 1970 and 2011; half of these occurred in the eighties.
A key question is whether credit booms associated with banking crises exhibit distinct characteristics compared to credit booms that do not end up in a banking crisis. If this is the case, policymakers could use this information to distinguish between booms stemming from beneficial financial deepening from those portending macroeconomic and financial instability. When analyzing the duration of credit booms, we find that around half of the credit booms associated with a banking crisis last for over six years compared to 25 percent in the case of booms that did not end up in a banking crisis. This suggests that credit booms that last longer have a higher probability of being associated with a banking crisis.
With respect to the depth of the financial sector at the beginning of the credit boom, the median ratio of private credit to GDP is about 25 percent for the booms associated with banking crises compared to about 19 percent for other booms. Finally, the median expansion in the credit-to-GDP ratio during the credit boom is higher (about 15 percent) for the booms associated with banking crises, compared to 9 percent for other booms. 1/ Average of the credit-to-GDP ratio before the start of the credit boom, period t-1 and t-2. 2/ Growth rate of credit-to-GDP ratio during the credit boom episode. 3/ In the case of credit booms associated with banking crises, the median is lower than 6 years when excluding the credit boom with the largest duration, but this is not the case for credit booms associated with banking crises.
Do macroeconomic aggregates exhibit different cyclical behavior during credit booms associated with banking crises? To address this question, we performed an event study analysis to compare fluctuations in credit and macro-aggregates between the different booms episodes (see Figure 5 ). Focusing on medians, the analysis indicates that most of the macroeconomic variables exhibit a well-defined pattern around the boom episodes associated with banking crises. Moreover, macroeconomic fluctuations are larger and display more abrupt declines (or increase in the case of the current account ratio) than those observed in booms that did not end up in a banking crises.
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Interestingly, the cyclical component for most variables is above their trend at least 3 years before the peak of the credit boom (below-trend for the current account ratio) for episodes associated with banking crises. This reflects an accumulation of potential imbalances in the upswing phase. This result is particularly striking when examining the deterioration in the current account ratio, real exchange rate appreciation, and increase in capital inflows. In the case of capital inflows, the cyclical component rises in the upswing of the crisis episodes and falls in the downswing, but is more stable in the non-crisis episodes.
B. Credit Booms and Financial Deepening
Do credit booms not associated with banking crises end up in a soft landing? As discussed by Tornell and Wetermann (2002) , not all credit booms reflect excessive risk taking, and could be reflective of more benign financial deepening. In this case, credit booms should be associated with permanent take-offs in the credit to GDP ratio. In other words, it would be less likely to have a reversion to a lower level of financial depth than observed before the start of the credit boom episode (Gourinchas, et al., 2002 ).
In our sample, three quarters of credit booms not associated with banking crises exhibit an increase in the level of financial depth (as measured by the level of real credit per capita) by the end of the boom episode. This proportion decreases to about seventy percent two years after the end of the boom episode (see Table 12 ). For low-income countries, the proportion is between 63 and 71 percent. 30 This analysis was also performed using using the ratio of credit to GDP to define the credit boom episode (Appendix 4) . The results show that 70 percent of the credit booms episodes not associated with banking crises exhibit an increase in the level of credit to GDP two year after the end of the boom episode. The majority of credit booms that have not been associated with either higher banking crises or financial depth occurred in the context of a downward trend in financial intermediation, often related to periods of macroeconomic distress (particularly during the eighties and early nineties).
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Table912. Proportion of Credit Booms Associated with Higher Financial Depth by the End of the Boom Episode
End of the credit boom To what extent can we assess if credit expansion is associated with financial deepening? Barajas et al. (2013) develop the concept of a financial possibility frontier as a constrained optimum level of financial development. Their analysis points to the importance of gauging the relative performance of the financial sector by taking into account structural country characteristics, institutional, and macroeconomic factors that have a bearing on financial deepening.
This concept is made operational through a benchmarking exercise which relates the actual level of financial deepening to levels predicted by structural and macroeconomic characteristics. In particular, the predicted level of financial deepening is estimated by regressing an indicator of financial deepening (real credit per capita) against structural factors such as GDP per capita, population (to proxy for market size), population density (to proxy for the ease of service provision), age dependency ratio (to control for demographic trends and corresponding saving behavior). Dummy variables are included to capture other potential factors (off-shore center, transition country, oil-exporter) and time effects. 32 We perform the regression for our sample of countries and for the period 1970-2011 using pooled OLS regressions. The regression results are used to predict the benchmark level of financial deepening for each country in each year for which data is available (see Table 13 for the regression results).
Using this approach, consistent with Barajas et al. (2013) , we find that large negative changes in the gap between actual credit growth and the benchmark level, are associated with a higher likelihood of boom episodes. Moreover, we find that about 80 percent of credit booms associated with banking crises took place when levels of real credit per capita were well above the levels predicted by structural and macroeconomic fundamentals. This suggests that in addition to the dynamics of macroeconomic aggregates discussed in the previous section, the benchmarking analysis could provide useful information regarding a potentially unsustainable credit expansion.
V. CONCLUSIONS
Earlier studies on credit booms have mainly focused on emerging market and advanced economies. This study documents stylized facts on credit booms and the macroeconomic dynamics around boom episodes in low-and middle-income countries. In addition, we examine whether credit booms associated with banking crises exhibit distinct patterns compared to other types of credit booms. Such an analysis can provide valuable lessons for low-income countries given the rapid increase in credit experienced in recent years.
What lessons can then be drawn from the experiences of middle-income countries? First, our analysis suggests that while the duration and magnitude of credit booms in low-countries share broadly similar characteristics with middle income countries, the behavior of macroeconomic aggregates differs. But as low-income countries develop, they should be mindful of the cyclical behavior of output, investment, private and public consumption, real exchange rate, broad money, external demand, the current account and capital inflows to GDP ratios as these tend to exhibit clear dynamics for middle-income countries: a significant increase during the expansionary phase and a decrease during the unwinding phase. From a policy perspective, our results suggest that monitoring the duration and magnitude (deviation from trend) of credit expansion together with the cyclical behavior of pertinent macroeconomic variables could be useful. In particular, large and longer deviations from trend can serve as a signal of an unsustainable build-up of imbalances. Second, our frequency and empirical analyses suggest that capital inflows are important drivers of credit boom episodes. Indeed, our empirical results corroborate the importance of capital inflows as significant predictors of credit booms. Moreover, the frequency analysis suggests that countries with less flexible exchange rates can experience significant credit expansions during surges in capital inflows, potentially rendering them more vulnerable to capital flow reversals. Country experiences also indicate that financial liberalization can trigger credit booms, as reforms may not occur in tandem with a prudent framework of banking regulation. Taken together, these findings suggest that low-income countries should be mindful of the inter-linkages between financial liberalization and increased cross-border banking activities, and the capacity to cope with large inflows.
We further find that credit booms associated with banking crises not only exhibit distinct macroeconomic dynamics around the peak of boom episodes but also reflect a potentially large deviation of credit from country fundamentals. In particular, we find that macroeconomic fluctuations in crisis episodes tend to be larger and display more abrupt declines than those observed in non-crisis episodes. That said, it is difficult to predict credit booms, as causality is often difficult to establish, and distinguishing booms from beneficial financial deepening is often fraught with challenges. In this context, our analysis suggests the credit growth in a majority of boom episodes associated with banking crises (80 percent) was above levels consistent with structural factors and other country fundamentals. This suggests that comparing the observed level of financial deepening with levels predicted by structural fundamentals could provide a useful gauge of a potentially unsustainable credit expansion.
More generally, as low-income countries become more financially interconnected and reliance on external funding sources increases, it would be important to hedge against potential currency, maturity and any balance sheet mismatches. Imposing limits on net foreign open positions consistent with the pace of financial deepening, ensuring that financial institutions do not rely solely on short-term funding or increasing capital risk weights on volatile funding sources, mitigating high credit risk stemming from rapid credit expansion (e.g. proper provisioning standards, tightening definitions of NPLs), and strengthening banking supervision (e.g. increasing on-site audits, monitoring vulnerabilities related to cross-border funding) are examples of policies that could help mitigate unsustainable credit expansions. Such policies would also allow low-income countries to undergo much-needed financial deepening in line with their macroeconomic fundamentals. Low-income Lower-middle income Upper-middle income 1/ Gross capital inflows include portfolio inflows, foreign direct investment, and other investments. A ca pi tal i nfl ows s urge a s of da te t i s defi ned when the precedi ng three-yea r a vera ge of the ca pi tal i nfl ow ra tio i s a bove the medi a n of i ts the res pective i ncome group. 2/ Percentage wi th res pect to the number of credi t boom epi s odes i n ea ch i ncome group.
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Low income countries
Lower-Middle Income Countries Upper-Middle countries
Low-income
Lower-middle income
Upper-middle income All
Credit booms identified when de-trending full sample (1960-2011) Association between peak of credit booms and exchange rate regimes in place the preceding 3 years.
2/
Fixed and manged includes the following regimes from Reinhart-Rogoff (2010) classification: no separate legal tender, pre-announced peg or currency board arrangement, pre-announced horizantal band that is narrower than or equal to +/-2%, de facto peg, pre-announced crawling peg, pre-announced crawling band that is narrower than or equal to +/-2%, de facto crawling peg, and de facto crawling band that is narrower than or equal to +/-2%.
3/ Dirty floating includes the following regimes from Reinhart-Rogoff (2010) classification: pre-announced crawling band that is wider than or equal to +/-2%, de facto crawling band that is narrower than ot equal to +/-2%, Moving band that is narrower than or equal to +/-2% (i.e., allows for both appreciation and depreciation over time), managed floating.
4/
Floating includes the following regime from Reinhart-Rogoff (2010) classification: Freely floating.
5/
Other includes the following regimes from Reinhart-Rogoff (2010) classification: Freely falling, dual market in which parallel market data is missing.
6/
Mixed includes cases where there was more than one exchange rate regime in the preceding 3 years of the credit boom. Credit boom epsidoes are identified using the Mendoza and Terrones methodology (2012) . Panel Probits estimated with random-effects. Numbers below the coefficient estimates are standard errors. ***,**,* indicates that the variable is significant at the 1, 5, or 10 percent level. 
Measure of capital inflows: Gross other investments-to-GDP
B. Crises & definitions
Banking Crises A country is considered to have experienced a systemic banking crisis Laeven and Valencia (2012) . if its banking system experienced significant signs of financial stress (indicated by significant bank runs, losses, and bank liquidations) and also, if significant policy interventions can be observed in response to the losses in the banking system. Policy interventions are considered to be significant if the following forms of interventions have been used: significant guarantees are put in place, extensive liquidity support (5 percent of deposits and liabilities to nonresidents), bank restructuring costs (at least 3 percent of GDP), and significant bank nationalizations took place. Most credit boom episodes occur in the group of lower-middle income and upper-middle income countries (36 and 38 percent respectively). A lower proportion of credit boom episodes occurs low-income countries (22 percent). In addition, between 60 and 68 percent of boom episodes across income groups have occurred in the last 20 years. Regarding the duration of the boom episodes, the results based on medians indicate that the duration of booms is5 years. However, the duration of booms isone year lower for recent episodes.
C. Other variables
33 For the last 3 (5) yearsbetween 30 (22) and 50 (28) percent of credit boom episodes were associated with a growth rate of real credit per capita of at least 5 percent.
c.
Applying a cumulative credit growth analysis à la Tornell and Westermann (2002). According to this approach, acredit boom takes place when the cumulative growth in real credit over the past two years has been at least 20 percent. To avoid potential one-off events across time and countries, we make the following modification. A credit boom episode is defined when the condition used by Tornell and Westermann (2002) is satisfied in, at least, three consecutive years.
Over 700 boom episodes are identified in our sample (70 percent of these episodes occurred in the last two decades). 34 Between 40 and about 60 percent of booms identified using the methodology of Mendoza and Terrones (2012) are also identified under this methodology (see text table) .
In addition, this methodology also allows us to identify boom episodes that cannot be captured under any other de-trending methodology. This is the case when countries are experiencing sustained real credit growth almost following a linear trend. For example, Vietnam has experienced a sustained growth in real credit between 1999 and 2010, which is not identified under a de-trending methodology. Credit growth has already decelerated but there have been some signs of banking sector distress, in particular in small banks. In this context, cases like Vietnam are important to identify given that they could give rise to or amplify banking sector vulnerabilities. In our sample, as of 2011, we identify 11 potential ongoing boom episodes in low and lower-middle income countries and 2 in upper-middle income countries.
35
As in the case of the MT methodology, we also apply this modified WT methodology to the credit to GDP ratio. 36 Around 650 boom episodes are identified (75 percent of them in the last two decades). Between 40 and 50 percent of booms identified using the methodology of Mendoza and Terrones ( 2012) are also identified under this methodology. In addition, the same ongoing boom episodes mentioned above for low-and lower-middle income countries are also identified with some additions.
35 Bangladesh (2008 -11), Bhutan (2001 -11), Cambodia (2003 -11), Chad (2008 , Republic of Congo (2008-11) , Guinea-Bissau (2005-11) , Lesotho (2005-11) , Liberia (2005-11) , Malawi (2003 -11), Niger (2003 , Uganda (2006-11) . Eight of these episodes are still in place if a threshold of 30 percent is used. 36 The threshold is 10 percent. A robustness analysis was done with a threshold of 20 percent. The coeffci ents a re obtai ned by regres s i ng ea ch ma croeoncomi c a ggrega te on a cons tant. The s ymbol s *, **, a nd *** i ndi ca te s tatis tica l s i gni fi ca nce a t the 10%, 5%, a nd 1% l evel res pectivel y. Number of countries 60 60 60 60 1/ A modified financial reform index from Abiad et al. (2008) . The index used in the regression includes the following dimensions:
(i) credit controls and excessively high reserve requirements, (ii) Interest rate controls, (iii) entry barriers, (iv) State ownership in the banking sector, (v) capital account restrictions, and (vi) securities market policy. The modified index excludes banking supervision . and prudential regulations. 2/ Index of prudential regualation and banking supervision (Abiad et al., 2008) .
Credit boom epsiodes are identified using the Mendoza and Terrones methodology (2012) . Panel Probits estimated with random-effects.
Numbers below the coefficient estimates are standard errors. ***,**,* indicates that the variable is significant at the 1, 5, or 10 percent level.
